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Introduction
In Eastern and Southern Africa, HIV infection and its associated co-morbidities remain the most common reasons for hospitalisation [1] [2] [3] . Up to three quarters of adults admitted for medical reasons are HIV-positive [2] , with little change observed since the scale-up of anti-retroviral treatment (ART) began [4, 5] . Hospitals account for a major proportion of health expenditure in the region [6] and reducing the need for hospital care could lead to major cost savings for health systems. However, without a clear understanding of the costs of providing hospital care for people living with HIV, and how this changes with ART [7] , decision-makers across the region are unable to include these potential cost savings in assessments of the cost of scaling up ART.
In resource-rich countries, timely initiation of ART in HIV-positive individuals has substantially reduced the need for hospital care and, consequently, the costs of providing HIV care [8, 9] . In Africa, initiation of ART reduces rates and duration of hospitalisations in HIVpositive individuals by up to 70% [10] [11] [12] , but the degree to which this translates into cost savings for healthcare providers is still uncertain [7] . Timely initiation of ART reduces the risk of opportunistic and TB disease [13] , but HIV-positive individuals on ART may still need hospital care, and individuals may incur greater costs during their hospitalisation than those not receiving ART, possibly as a consequence of developing immune constitution syndrome (IRS) [11, 14] . As we move towards immediate initiation of ART for HIV-positive individuals [15] , the combined reduction in the risk of developing TB, IRS and other opportunistic illnesses may translate into cost savings. Understanding the impact of timely initiation of ART on the wider health system, especially hospital care, will be essential for budgetary and service planning, and for informing economic evaluations of HIV prevention and treatment interventions.
In this study, we recruited a cohort of adults admitted to the medical wards at Queen Elizabeth Hospital in Blantyre, Malawi. The main aim was to quantify the impact of HIV infection and ART on economic outcomes for adults admitted to these medical wards.
Methods

Study design and participants
We undertook a prospective cohort study in Queen Elizabeth Central Hospital (QECH), Blantyre, Malawi, between June and December 2014. We collected medical diagnosis and resource use data, and undertook primary resource-based costing studies to estimate health provider costs. We also investigated the costs incurred by patients and their families as a result of hospitalisation, and evaluated their health-related quality of life (HRQoL) on admission and at regular time intervals thereafter.
QECH is the largest hospital in Malawi, with approximately 1,500 beds and 25,000 adult admissions per year, and an HIV prevalence of approximately 70% amongst medical inpatients [16] . The hospital has a large emergency department where all new patients are triaged and assessed by medical doctors or clinical officers. Clinicians make a preliminary medical diagnosis, and those in need of admission are transferred to one of three medical wards (Male Medical; Female Medical; TB Ward).
Systematic recruitment was used to select every fifth adult (age ! 18 years) admission from each of the three ward registers, together with all adults diagnosed with an AIDS defining illness on admission. Participants were approached for informed consent on the first working day after admission. Participants too sick to provide consent were reviewed daily.
A structured questionnaire was used to collect data on the first working day after admission, including socio-demographic data, direct non-medical costs and indirect costs associated with the admission, and health-related quality of life (HRQoL) outcomes. Follow-up questionnaires were administered to participants every three to seven days thereafter, and recorded direct non-medical and indirect costs for the preceding day, and HRQoL on the day of assessment. After discharge or death, a trained study doctor extracted data from the medical notes and drug charts. Primary costing studies were undertaken to estimate direct health provider costs of each hospital admission episode [17, 18] .
Ethical approval was obtained from the College of Medicine Ethics Review Committee (P.08/12/1272), University of Malawi, and the University of Warwick Biomedical Research Ethics Committee (REGO-2013-061). All participants provided written (or witnessed thumbprint if illiterate) informed consent.
Medical diagnosis and resource-use
Data extraction tools and codebooks were developed and piloted to extract the following data from the medical notes: primary medical diagnosis upon discharge or death, HIV status, antiretroviral drug use, duration of hospital admission, types and numbers of investigations and procedures performed, medications given, and the participant's outcome (discharged; transferred to another hospital; or died). Coding of the final medical diagnosis upon discharge or death was based on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) [19] . Only the primary medical diagnosis that necessitated hospital admission was recorded.
During this study, Malawian national guidelines recommended HIV testing and counselling for all individuals attending or admitted to a health facility, and ART to those who meet eligibility criteria (CD4 count <350 cells/μl; WHO stage 3 or 4; breastfeeding or pregnant). Since August 2016, Malawi has been offering ART to all HIV-positive individuals irrespective of HIV disease stage.
Direct health provider cost
We identified a list of medical resource inputs (e.g. days of admission; full blood count) from the medical data extracted by the doctors, and then undertook accounting studies to estimate the unit costs for each resource input, and subsequently the total direct health provider cost. For each resource input, we included the cost of: staff salaries; training of staff; consumables and equipment; monitoring and evaluation; and associated overheads. S1 Text provides a detailed description of the costing processes, and how the total direct health provider cost was estimated. The international market price was used for the cost of drugs [20] .
Direct non-medical and indirect cost
The development, language translations and pilot testing of participant questionnaires followed previous procedures [21] , with a detailed description provided in S2 Text. The total direct non-medical and indirect cost per participant was estimated for the duration of the hospital admission. This included costs incurred by the participant and their main family member/carer who stayed with them during their hospital admission. The total direct non-medical and indirect cost was estimated by adding the costs on the day of admission, to the average daily cost for each subsequent period between interviews multiplied by the duration of each subsequent period.
The direct non-medical costs included the cost of transportation, food, drinks, toiletries, clothing and other items bought during the hospital admission. For indirect costs, we recorded whether participants or their carers had taken time off work, and if so, the amount of time, and multiplied this by their self-reported income [22] . For self-reported income, we asked participants their average weekly earnings from formal and informal employment, and divided by the average number of days worked per week to estimate average income per day worked. User fees are not charged for care in the hospital, but hospital inpatients may still incur costs of purchasing medications through private providers if there are issues with stocks at the hospital. Participants in this study did not report incurring any such costs.
Health-related quality of life
The Chichewa version of the EuroQoL EQ-5D-3L [23] was used to assess HRQoL of participants recruited into this study. Participants completed both the descriptive EQ-5D-3L system and the accompanying visual analogue scale (VAS). We derived the EQ-5D utility scores using the Zimbabwean EQ-5D tariff set [24] , and report participants' responses to the visual analogue scale (VAS). The Zimbabwean tariff set generates utility scores ranging between -0.145 and 1.0, with 1.0 corresponding to "perfect health" and 0 representing a health state considered to be equivalent to death. The visual analogue scale is similar to a thermometer, and ranges from 100 (best imaginable health state) to 0 (worst imaginable health state). S3 Text provides a detailed description of procedures used.
Statistical analysis
All analyses were undertaken in Stata version 13.1 (Stata Corporation, Texas, USA) and R version is 3.2.4 (R Foundation for Statistical Computing, Vienna, Austria). All costs were converted into 2014 US Dollars using market exchange rates and International Dollars using purchasing power parity conversion factors [25, 26] . Principal component analysis was used to generate wealth quintiles by combining socioeconomic variables, which included nine household assets, and home environment variables [27] . The discharge medical diagnosis was coded as the highest level of the four-level ICD-9-CM recorded by the study doctors. Where there were fewer than four participants with the same discharge medical diagnosis, the diagnosis was based upon the next highest level of the four-level ICD-9-CM code recorded by the study doctors.
We estimated the total direct health provider cost, total direct non-medical and indirect cost and total societal cost according to each participant's discharge medical diagnosis. The total societal cost per participant was estimated by summing the total direct health provider cost, and the total direct non-medical and indirect cost (the latter calculated by summing duration weighted cost estimates from each of the cost assessments). For each of these three cost categories we investigated differences, firstly by HIV status, and secondly by whether or not the participant was on ART at the time of admission. As the cost data was skewed, we used non-parametric bootstrap methods with 1000 bootstrap replications to derive 95% confidence intervals (CI) for mean cost differences for relevant cost categories [28] . In addition, we undertook multivariable analysis to investigate the independent effects of HIV and ART status on these costs. As all participants incurred a cost, and cost data was skewed, we used generalized linear models (GLM) for multivariable analyses of cost data [29] . We ran model diagnostics to determine the optimal choices for the distributional family and link function for these GLM models [30] .
For HRQoL assessments, we estimated the EQ-5D utility and VAS scores on admission, on discharge and the change in scores. For the discharge EQ-5D utility score and VAS score, we used the last recorded assessment, and attributed a value of zero for those who died in hospital [31] .
We investigated differences in the admission EQ-5D utility and VAS scores by HIV status, and for those who were HIV-positive, by whether or not they were taking ART on admission. In addition, we constructed multivariable models to investigate the independent effects of HIV and ART status on HRQoL assessment on admission. EQ-5D utility and VAS scores were non-normally distributed, skewed and truncated. Therefore, we used non-parametric bootstrap methods, with 1000 bootstrap replications, to derive 95% confidence intervals (CI) for mean differences. For the multivariable analysis, we evaluated four commonly used estimators to analyse these data: ordinary least squares (OLS) regression; Tobit regression, Fractional logit regression, and censored least absolute deviations (CLAD) regression [32] [33] [34] . We compared the mean squared error (MSE), mean absolute error (MAE) and the coefficient of determination (r 2 ) statistics between the observed and estimated scores for the whole sample, and for sub-groups of the sample to determine the choice of preferred estimator.
For all multivariable analyses of cost and HRQoL outcomes we ran two alternative models, the first adjusted for HIV status, age and sex, and the second additionally adjusted for marital status, educational attainment, income, socio-economic position and the discharge medical diagnosis. We included the discharge medical diagnosis in these models as the aim was to investigate independent associations between HIV and ART status, and cost or HRQoL outcomes.
Sensitivity analysis
We undertook sensitivity analyses to investigate the impact of using an alternative tariff set to determine EQ-5D utility scores. We used the UK York A1 tariff [35] , which has been found to translate health states with 'severe' problems in one or more of the five dimensions to lower EQ-5D utility scores than the Zimbabwean tariff [24] .
Results
During the study period 1,010 eligible participants were admitted to the QECH's adult medical wards (Fig 1) . In total, 87 (8.7%) died and 30 (3.0%) left hospital or were discharged before Costs and QoL outcomes of hospitalisation recruitment was possible. Of the remaining 893 eligible participants, 805 (90.1%) consented to participate, and medical notes were found for 647 (80.4%). Table 1 shows the characteristics of participants by HIV status. Of the 647 participants recruited into the study and for whom the medical notes were found, 134 (20.7%) died in hospital. Overall, 447 (69.1%) were HIV-positive, and 25 (3.9%) had an unknown HIV status. Of those who were HIV-positive, 339 (75.8%) were already on ART on admission. S1-S4 Tables details the health provider per diem cost for each of the three wards; unit costs per dosage of drug dispensed through the QECH's pharmacy department; and unit costs for investigations and procedures performed. Table 2 shows the participant characteristics, HIV status and outcomes by the 35 identified discharge medical diagnoses. The three most common reasons for hospital admission were: pneumonia (93/647; 14.4%); septicaemia (58/647; 9.0%); and pulmonary TB (54/647; 8.3%). The mean total health provider cost per individual hospital admission, and the mean average daily cost, were US$313.65 (INT$788.83) and US$32.14 (INT$80.77), respectively (Table 3) . Ward costs accounted for 61.2%, investigations and medical procedures accounted for 35.5%, and drugs accounted for 3.6% of the total International Dollar costs. The three discharge medical diagnoses associated with the highest mean total health provider costs were: cryptococcal meningitis (US$846.24); retreatment for TB (US$741.14); and TB of the meninges and central nervous system (US$721.02) (Fig 2) . Table 4 shows the mean total direct non-medical and indirect costs, and the mean total societal costs, for all participants by discharge medical diagnosis. The mean total direct nonmedical and indirect cost per hospital admission was US$87.84 (INT$243.99). The mean total societal cost per hospital admission was US$401.48 (INT$1032.82). The three discharge medical diagnoses associated with the highest mean total societal costs were: TB of the meninges and central nervous system (US$1228.38); cryptococcal meningitis (US$977.75); and retreatment for TB (US$915.32).
The EQ-5D utility and VAS scores for all participants, and by discharge medical diagnosis, are shown in Table 5 . For all participants, the mean EQ-5D utility score and VAS score on admission was 0.483 (SE: 0.01) and 52.8 (SE: 0.8), respectively ( Table 5 ). The three discharge medical diagnoses associated with the lowest EQ-5D utility scores on admission were TB of the meninges and central nervous system, candidiasis and cerebrovascular disease (Fig 3) . For all participants, the mean change in EQ-5D utility and VAS scores was 0.020 (SE: 0.01) and 0.4 (SE: 1.2), respectively. The mean change in EQ-5D utility score, derived using the UK tariff set, was 0.116 (SE: 0.02) (S5 Table) . Table 6 shows the costs for participants by their HIV status. The mean total provider cost of admission for participants who were HIV-negative, HIV-positive and not on ART, and HIVpositive on ART, was US$267.07, US$422.90 and US$316.03, respectively. The mean total provider cost of admission for HIV-positive participants was US$74.78 (bootstrap 95%CI: US $25.41-US$124.15) higher than for HIV-negative participants. Amongst HIV-positive participants, the mean total provider cost was US$106.87 (bootstrap 95%CI: US$25.09-US$188.64) lower for those already on ART on admission.
There were no significant differences in the mean total direct non-medical and indirect cost by HIV or ART status. The mean total societal cost of hospital admission for participants who were HIV-negative, HIV-positive and not on ART, and HIV-positive on ART, was US $342.20, US$546.61 and US$404.65, respectively. The mean total societal cost of admission for The mean admission EQ-5D utility score for participants who were HIV-negative, HIVpositive and not on ART, and HIV-positive on ART, was 0.532, 0.447 and 0.472, respectively ( Table 6 ). The mean admission EQ-5D utility score amongst HIV-negative participants was 0.066 (bootstrap 95%CI: 0.019-0.114) higher than for HIV-positive participants. There were no significant differences in the admission EQ-5D utility scores between HIV-positive participants who were on or not on ART.
Fig 2. Mean total costs by discharge medical diagnosis.
Ã Except in Labour ÃÃ Except that caused by TB or Cryptococcal Total societal cost equates to the total direct health provider cost plus the total direct non-medical and indirect cost.
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Costs and QoL outcomes of hospitalisation
In the multivariable analysis (Model 1; Table 7 ), after adjusting for participant characteristics and discharge medical diagnosis, the mean total provider costs of hospital admission was US$51.04 (95%CI: US$7.23-US$94.86) lower for those who were HIV-positive and on ART on admission compared to those who were HIV-positive and not on ART. There was no significant difference in the mean total provider costs between HIV-negative individuals and HIV- positive individuals not on ART on admission. After adjusting for discharge medical diagnosis (Model 2), we did not find any significant differences in either mean total direct non-medical and indirect costs or mean total societal costs by HIV or ART status. The findings of the multivariable analysis exploring the relationship between HIV status and the EQ-5D utility scores on admission are shown in Table 8 . In the multivariable analysis, the model diagnostics showed that the OLS estimator performed as well or better than the other estimators (S6 and S7 Tables). In the multivariable analysis, after adjusting for individual characteristics and the discharge medical diagnosis, the mean admission EQ-5D utility score amongst those who were HIV-negative was 0.131 (95%CI: 0.064-0.198) higher than amongst those who were HIV-positive and not on ART on admission. There were no significant differences in the adjusted EQ-5D utility scores between those who were HIV-positive and either taking or not taking ART on admission.
Discussion
The main findings of this study are the high costs incurred in managing adults admitted to hospital in a resource-poor setting with high HIV prevalence. Health provider costs were especially high for managing HIV-associated illnesses. However, costs were substantially lower, with significantly shorter duration of admission and less risk of death, if individuals were already receiving ART on hospital admission. Health-related quality of life was especially poor amongst those admitted for HIV-associated illnesses, and overall, was significantly lower in HIV-positive than HIV-negative participants. Our data also highlights the substantial burden imposed on the finances of patients and their families as a result of hospitalisation. Even though patients do not pay for medical services, the mean cost from the patient perspective was US$87.84, amounting to catastrophic costs for most patients.
In this study, the average health provider cost of managing individuals in hospital was US $313.65, with substantially higher costs for HIV-positive individuals and for AIDS-defining diseases. Total provider costs of one year of ART have been estimated to be US$136 (in 2011 prices) in Malawi [36] . HIV-positive individuals will continue to be at increased risk of hospitalisation after initiation of ART, especially if treatment is started late, but at a population level, timely ART initiation will reduce the absolute numbers requiring admission [37] . Moreover, the substantial cost differences found between those taking and not taking ART in this study raise the prospect of considerably higher savings from ART than would be anticipated on the basis of admission rates alone. This difference remained even after accounting for differences in cause of admission. Thus, the costs incurred in providing early initiation of ART to greater numbers of people living with HIV may be offset by larger cost savings than have been appreciated. Importantly, we found that the majority of patients were aware of their HIV status, and many of those who were HIV-positive had already started ART. In the study we were unable to ascertain the stage of participants' HIV infection, or when ART was initiated. In Malawi, hospital care is provided free but users inevitably incur some costs in accessing care, including for transportation to and from hospital, and losses in income. The mean direct non-medical and indirect cost was estimated at US$86.93. The majority of Malawians live on less than $2 a day [38], highlighting the catastrophic impact of a hospitalisation on the finances of Malawians. Whilst preventing illness will have a major impact on reducing this burden, offering social security benefits to those affected needs to be explored further [39] .
Tuberculosis continues to be one of the most common reasons for medical inpatient care in sub-Saharan Africa [1] . As in previous studies and surveillance data, the majority of TB patients in our study were HIV positive. Individuals with HIV and TB coinfection reported very poor HRQoL, with hospitalisation resulting in substantial costs for them and for the health system. Hospitalisation may be unavoidable for some TB patients, considering the severity of their illness, but moving the later stages of care to community-based TB services, which are already established in much of the region, could reduce these costs [40] . Rapid scale up TB preventive therapy and systematic TB screening on all health encounters are urgently required [41] . The World Health Organization's (WHO) prequalification of medicines programme ensures high quality drugs enter African healthcare markets at reasonable prices [42] . In our study, we found drugs accounted for a lower proportion of total health provider costs than investigations and procedures. The WHO prequalification programme does extend to diagnostics and medical devices; however, the focus has predominantly been around rapid diagnostic and point of care tests. Extending these services to all medical consumables and equipment may reduce costs, and facilitate decentralisation of diagnostic services to district level hospitals.
We used the EuroQol EQ-5D measure to provide two assessments of HRQoL, including one (EQ-5D utility score) that can be used to inform cost-utility analyses. The mean EQ-5D utility score reported was 0.498, with HIV-positive inpatients reporting much lower HRQoL than HIV-negative inpatients. The mean EQ-5D utility score amongst HIV-positive inpatients who had not started ART (0.447) was considerably lower than reported by HIV-positive outpatients in the catchment population of this hospital (0.8) [21] . This further reinforces the value of early diagnosis and ART initiation to prevent serious and debilitating illness, and maintenance of HRQoL. Of concern were the minimal changes in HRQoL outcomes during admission, although this has to be interpreted in the context of high inpatient mortality. Health utility data are notably lacking in this region, constraining the use of cost-utility analyses in economic evaluations [43, 44] . This study provides an extensive catalogue of health utility scores, including those derived using an alternative tariff set (UK York A1), to inform costutility analyses for a range of interventions, not just limited to HIV.
Study limitations include the relatively small number of participants recruited for a few of the medical conditions; discharge medical diagnoses based on the assessment of one medical doctor; and the fact the study was undertaken in a large central teaching hospital that limits generalisability to smaller district hospital settings. In addition, we were unable to examine economic outcomes in the sickest group of patients, those who died before recruitment was possible, or whose medical notes were not found. However, this is the first study we are aware of that estimates economic costs and HRQoL outcomes amongst a cohort of adults admitted to hospital for medical reasons in an African context with high HIV prevalence. We collected individual-level data on healthcare resources used, direct non-medical and indirect costs incurred, and examined HRQoL outcomes. We undertook a primary costing study to estimate the costs of all healthcare resources used, and provide estimates of the total health provider costs.
Our findings highlight the catastrophic costs and poor HRQoL outcomes associated with hospitalisation in a sub-Saharan cohort with high HIV prevalence. Importantly, as countries in sub-Saharan Africa move towards immediate initiation of ART treatment for people living with HIV, policy makers will need to be aware of the potential for substantial cost savings from averting serious HIV-associated illnesses and through earlier case detection of tuberculosis. 
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